The study was conducted to establish the Sterile Insect Technique (SIT) method of controlling oriental fruit fly, Bactrocera dorsalis (Hendel). The sterile male ratio of oriental fruit fly was optimized for possible field application of Sterile Insect Technique. Several batches of 5 and 6-dayold pupae were irradiated at 30, 40, 50 and 60 Gray (Gy) to optimize the radiation dose of sterilization. Highest pupal duration and abnormal adults were found after imposing gamma radiation in 5-day-old pupae treated with 60 Gy dose. Radiation significantly increased the nonemergence percentage and decreased the normal emergence of oriental fruit fly. The sterilizing doses were recorded as 60 Gy for 5-dayold pupae. Fixed number of virgin females of oriental fruit flies were allowed to mate with unirradiated and irradiated males at 1:1, 1:2, 1:5 and 1:9 ratios in different cages to find out the rate of suppression against wild population. Minimum pupal recovery and percent normal emergence observed at 1:9 ratio. Deformed and undeveloped (not emerged) population increased with the ratio of irradiated males. The 1:9 ratio was found as the best for suppression of wild population of B. dorsalis.
INTRODUCTION
Fruit flies are responsible for taking a heavy toll of various types of fruits and vegetables. The oriental fruit fly is a very important group of pests for many countries due to their potential to cause damage in fruits, vegetables and to their potential to restrict access to international markets for plant products that can host fruit flies. Flies in the genus Bactrocera are of particular concern in most part of Asia and Australia, where they constitute a significant threat to agricultural resources (Kinnear et al., 1998 and Kim et al., 1999) . The genus Bactrocera of the family Tephritidae having more or less 440 species is distributed principally in tropical Asia, the South Pacific and Australia (White and Elson-Harris, 1994) . Eighty seven species of the genus Bactrocera in India caused heavy damage to fruits and vegetables in Asia (Nagappan et al., 1971) . In Bangladesh oriental fruit fly, Bactrocera dorsalis is recognized as a destructive pest species where the production of vegetables and fruits is much less than the requirement (Add ref.) . A preliminary survey showed that a large amount of quality fruits including apricot, banana, mango, guava, papaya, avocado, citrus, litchi, pineapple, and seasonal vegetables are being lost due to fruit fly infestation in Bangladesh . A conservative estimate indicated that 10 to 15% of crops are destroyed by fruit flies every year (Awal, 2005) .
The classical use of pesticides has been well-established as a fully dependable weapon in crop protection as it causes environmental pollution and health hazards to the pesticide applicators as well as consumers of agricultural produces. The sterile insect technique (SIT) has been well-established as a successful method of controlling key pests of agricultural importance (Snow, 1988 and Vagras, 1989) . SIT is a species specific environmentally safer process and when applied successfully could eradicate the target pests from a definite area ( Dowell and Siddiqui, 2000) . The sterile insect technique is a method of biological control whereby overwhelming number of sterile insects are released. The released insects are normally male. The sterile male competes with wild male for pairing with female insects, if female mates with a sterile male then it will not produce offspring and thus the next generation population will be reduced. The dosage of radiation applied must have no significant adverse effect on the male's longevity, searching behavior and mating ability (Barry and Morse, 2004) . Sterile insects are not self-replicating and therefore cannot be established in the environment. SIT does not introduce exotic species into an ecosystem. Considering the above facts in mind, the experiment was undertaken to optimize the sterile male ratio of oriental fruit fly for suppression of B. dorsalis population.
MATERIALS AND METHODS
The present study was conducted in the laboratory and experimental field of Insect Biotechnology Division (IBD), Institute of Food and Radiation Biology (IFRB), Atomic Energy Research Establishment (AERE), Savar, Dhaka during January 2012 to February 2013.
Stock culture
About 5,000 adult flies were maintained in steel framed cages (76  66  76 cm) covered with wired net. The flies were supplied with protein based artificial diets viz., (i) baking yeast: sugar: water at 1:3:4 ratio, and (ii) casein: yeast extract: sugar at 1:1:2 ratio. Water was supplied in a conical flask socked with cotton ball. Temperature (°C) and relative humidity (RH) of the rearing room was maintained at 27 ± 2°C and 75 ± 5%, respectively by using air conditioner (Model No. Movincool Classic Plus 26, USA).
Pupae collection and irradiation
Eggs were collected and washed with distilled water and sieved with a very fine screen and then measured volumetrically. Larvae of oriental fruit fly were reared in the laboratory using artificial standard larval diet and kept in larger bowls contained 1.5 to 4 cm thick sawdust used for pupation. Sawdust was sieved and collected pupae were transferred into Petri dishes and irradiated by exposing them to gamma radiation from a radioactive Cobalt-60 source. To optimize the radiation dose of sterilization several batches of 5 and 6-day-old pupae were irradiated at 30, 40, 50 and 60 Gy dose.
Sterility dose determination
To determine the sterilizing dose 50 male flies were collected from each of 30, 40, 50 and 60 Gy treated 5-day-old pupae and 50 females were also isolated from control batch and allowed to mate with individual dose treated males in small rearing cages. After 4 days of mating, small pieces of banana were placed in each cage as an oviposition medium. The piece of banana was removed after 24 hours from the adult cage and placed in a small plastic bowl with sawdust for further larval development. After subsequent days the total number of pupa and pupal duration were counted and recorded. This experiment was repeated 5 times. Before adult emergence, 100 pupae were placed in a Petri dish and allowed to emerge freely in a small screened cage. After completing emergence fully emerged, not emerged and deformed flies were counted and the percentage of emerging flies was calculated for each replication. Ten replicates of 100 pupae from each group (originating from different emergence dates) were performed.
Male ratio optimization
The male adults of B. dorsalis emerged from 5-day-old pupae irradiated with 60 Gy gamma radiation was segregated into separate cage. The males were allowed to mate 1:2, 1:5 and 1:9 (normal male: irradiated male) ratios with virgin females in separate adult cages. Control batches were maintained for the experiment. In field cage trials, 9-day-old 300 virgin females with corresponding number of irradiated and unirradiated males were released in the netted area (25  10  12.5 cm) in the natural environment. A piece of banana (200 g) was placed in cage as oviposition medium on the 4 th day after mating. Ratio between irradiated males and unirradiated males with unirradiated females was optimized by recording the number of pupal recovery, normal adult emergence, deformed flies emergence and nonemergence percentage and compared with each other.
Statistical analysis
The recorded data were compiled and tabulated for statistical analysis. Data was analyzed according to Gomez and Gomez (1984) and mean values were compared by Least Significant Difference (LSD) test.
RESULTS AND DISCUSSION

Sterility Dose Determination of Male Bactrocera dorsalis
Pupal durations after imposing gamma radiation at different pupal ages are presented in table 1. In case of 5-day-old pupae, the highest pupal duration was 11.333±1.52 days when irradiated with 60 Gy and the lowest was 8±1 days in control batch. In case of 6-day-old pupae, the highest pupal duration was 11±1 days when irradiated with 60 Gy and the lowest was 7.667±0.58 days in control batch. Between 5-day-old and 6-day-old pupae the highest pupal duration was 11.333±1.52 days when irradiated with 60Gy at 5-day-old pupae.
Normal adult emergence, deformed flies emergence and nonemegence flies percentage after imposing gamma radiation at 5-day-old pupae were presented in table 2. The percentage of normal emergence showed that the highest normal emergence (93.12%) was obtained from the control batch and the lowest (0%) from the pupae irradiated with 60Gy was which significantly differed from those of other radiation doses. After imposing gamma radiation abnormalities consisted mainly of wrinkled wings or wingless that failed to expand upon emergence. The percentage of deformed flies emergence showed that the highest deformed flies emerged (18.38%) from the pupae irradiated with 40 Gy which significantly differed from those of other radiation doses and the lowest deformed flies emerged (1.593%) from the control batch. The highest percent not emerged flies (94.44%) was found from the pupae irradiated with 60 Gy which was significantly different from those of other radiation doses and the lowest deformed flies emerged (5.287%) was found from the control batch.
Pupal recoveries recorded at different doses of gamma irradiation are presented in figure 1 . The highest number of pupal recovery (984±9.08) was found from 6-dayold pupae at control. This happned because not a single of oriental fruit fly emerged from the 5-day-old pupae treated with 60 Gy which was selected as sterilizing dose. Islam et al. (2012) reported that in case of 5-day-old pupae of fruit fly the sterility percentage was 100 at 60 Gy. The reasons to have reduced number of pupal recovery at higher doses are related to the damage of genetic materials (Heather and Hallman, 2008) . Significant prolongation of pupal duration following radiation may be due to hyper stimulation of the mechanism of repair to slightly damaged tissues (Balock et al., 1963) . The sterilizing dose for male B. cucurbitae was reported by Balock et al. (1963) and Wadud et al. (2005) as 50-60 Gy which is almost similar to our present findings with B. dorsalis.
Optimization of the ratios between irradiated and unirradiated males for effective field application of SIT
In field cage trials number of pupae produced from different mating ratios of un-irradiated and irradiated males with the virgin females of Bactrocera dorsalis are shown in table 3. The results showed that the pupal recovery varied from 1:2, 1:5, 1:9 ratios and control batch. The highest pupal recovery was found at control batch and the lowest pupal recovery was found in 1:9 ratio. In case of normal emergence percentage the highest result was found in control and the lowest in 1:9 ratio (Table  4 ). The result showed that the number of pupal recovery and normal emergence percentage is inversely correlated with the ratio having high irradiated male oriental fruit fly i.e. the higher the ratio with irradiated males applied, the lower the number of pupal recovery normal emergence percentage observed. The result agrees with Singh et al. (2000) but they worked on melon fruit fly.
Deformed flies percentage and nonemegence percentage of oriental fruit fly from different mating ratios of un-irradiated and irradiated males with virgin females of Bactrocera dorsalis in field cage trials are shown in table 5 and 6. The result showed that the percent deformed flies and nonemegence varied from 1:2, 1:5, 1:9 ratios and control batch. The highest result was observed at 1:9 ratio and the lowest was found in control. The percent deformed flies and nonemegence at different ratios differed significantly. The result showed that the deformed flies and nonemegence percentage are positively correlated with the ratio having high irradiated male fruit fly i.e. the higher the ratio with irradiated males applied, the higher the percentage of deformed and not emerged flies observed. This finding has a good agreement with the result of Islam et al. (2012) where percentage of normal adult emergence, deformed flies and percent nonemegence of B. tau varied significantly at 1:1, 1:2, 1:5 and 1:9 ratios from control batches. Krishnakumar and Maheswari (2007) studied the optimization of wild and sterile male ratio for the suppression of red palm weevil, Rhynchophorus ferrugineus in cotton and reported that the optimal wild to sterile male ratio was 1:10. Islam et al. (2012) optimized normal versus sterile male ratio of B. tau and reported that on an average, 534, 235, 118 and 84 pupae were recovered from 1:1, 1: 2, 1:5 and 1:9 ratios respectively and the pupal recovery from control group was 3,562. The results agree with that of our present findings though the species was different. According to above parameters, 1:9 ratio (unirradiated male:irradiated male) of oriental fruit fly is apparently an effective ratio for releasing sterilized male fly in nature for possible field application of SIT.
CONCLUSION
Sterile Insect Technique (SIT) of pest control using area-wide releases of sterile insects was found to be effective in controlling reproduction of oriental fruit fly in a field population. So, it can be concluded that releasing irradiated males of Bactrocera dorsalis treated with 60 Gy in nature at 1:9 ratio (unirradiated male:irradiated male) could be the optimum ratio to suppress the wild population of oriental fruit flies without rendering any adverse impact on agro-ecosystem. 
